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On the whole, it is evident that further esperiinents are de- 
sirable as tb the development of heat in circuits of resistance 
measured in t.erms of the B.A. unit by known currents, so as 
to establish as accurately as possible a connosion between the 
values of J and of the B.A. unit, so that if the first is assumed 
to be correctly given by Joule’s water-friction value the error 
(if any) in the 13.8. unit can be calculated, or so that the value 
of J can be determined afresh when the precise value of the 
B.A. unit is known from further experiments. The writer 
hopes shortly to  be enabled to communicate the results of es- 
periments in this direction made by a method differing from 
that employed by Joule in certain important points, so as to 
avoid the sources of error existent in Joule’s 1867 experiment8 
(Part 11.). 
PART 11.-By Dr. C. R. ALDER WRIGHT and E. H. RENNIE, 
M.A. (Syd.), B S c .  (Lond.),  Demonst92ator of Chemistry in 
i t .  Mary’s IIospital L%Ieclical SciiooE. 
Experimental DeternzinatiotL of the Electvomotive Force corre- 
sponding to the TFrovX: clone in the Decomposition of Water 
into Oxygen ancl IIyclvogen ut the oidi l iaiy  tempep*atuiae. 
38. I n  order to  apply the principles described in Part I. 
( $ 5  11, 18, 32), the current from R Daniel1 battery was 
passed through a. voltanieter placed in a calorinieter, and 
the average difference of goteiitial between the voltameter- 
plates determined by connecting them with a quadrant elec- 
trometer standardized by a Clark cell (verified for us by Dr. 
Alexander Muirhead). The amount of decoriiposition being 
determined (=n grammes), and the quantity of heat, h,  de- 
veloped in the voltameter observed, the data were obtained 
for the calculation of tho E.M.F. representing the nett work 
corresponding to the sum of the physical aiid chemical changes 
taking place by the formula 
n ‘  
a being the equivalent of the electrolyte. 
following results were obtained, 
In the case of water acidulated with sulphuric acid, the 
The voltameter consisted of 
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a wide test-tube of about 30 millimetres diameter, into the neck 
of which was fixed an india-rubber cork perforated with three 
holes: through the centre one passed a delivery tube of small 
bore for the collectioii of the evolved gases ; through the 
other two, copper rods 5-6 milliiiis. in diameter. To the lower 
ends of these were soldered equally thick platinum rods, 
the free ends of which were previously forged into spade-like 
platas which were arranged parallel to one another ; the sol- 
derings and the portions of the copper rods inside the test-tube 
were imbedded in a thick mass of gutta-percha, with the three- 
fold object of keeping the plates at an invariable distance from 
one another (the voltameter being also intended for some other 
esperinients in which this was essential), of protecting the 
copper and soldering from corrosion by the acid and the con- 
sequent introduction of metals into the solution electrolyzed, 
and of filling up the upper space in the tube, so that any error 
duo to alteration in temperature of the voltameter and conse- 
quent retention therein of varying quantities of gas should be 
rendered negligible. The projecting ends of the rods were 
passed through small india-rubber corks and amalgamated ; 
by then fixing short pieces of wide glass tubing over these 
smaller corks and pouring mercury into the cups thus formed, 
connexion by mercury-cups could readily be established be- 
tween the battery and the voltameter-plates. 
This arrangement of niercury-cups mas also applied to the 
copper Daniell-battery cells, a thick wire bent downwards and 
amalgamated at the end being also soldered to each zinc plate so 
as to dip into the mercury-cup of the next cell. Much trouble 
in brightening connesions &c. was thus saved; the current 
could readily be broken instantaneously by simply lifting one 
of the zinc plates an inch or so, so that the wire no longer 
dipped into the mercury ; whilst an easy means was afforded 
of introducing more cells or shutting some out from the cir- 
cuit when required without actually interrupting the current. 
39. A number of attempts were made to utilize Bunsen s 
ice-calorimeter for the measurement of the heat evolved ; the 
construction of apparatus sufficiently large to enmie conside- 
rable amounts of heat to be measured accurately, however, 
was found to present some difficulties ; whilst with smaller 
apparatus the errors of meamrement of the axhount of gas 
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evolved became considerable, even when the voltameter was 
connected with the gas-measuring apparatus used for Frank- 
land and Armstrong’s water-analysis process ; for the occlu- 
sion of the evolved gnses by the electrodes, the absorption of 
osygen by the acidulated water of the voltameter, the pro- 
duction of ozone or of hydrogen dioxide, and the removal of 
hydrogen whilst still nascent froiii the one electrode by com- 
bination with dissolved osygen, and of oxygen from the other 
by coinbirintion with dissolved hydrogen, present sources of 
diniiiiutioii in the amount of‘ gas actually evolved, which mostly 
bcconie relatively greater with weak currents, such as would 
have to bc employed with a small ice-calorimeter. A lthough 
i t  (lid not appear to be impracticable to overcome these diffi- 
culties, xet  it was found that to do so would require a consi- 
derable amount of time aiid trouble; and therefore we reverted 
to  the us0 of an  ordiiiary water-calorimeter, employing cur- 
rents of sufficient magnitude to  furnish upwards of 500 cub. 
centinis. of inised gases during the time which the esperiment 
lasted (fi*oiii tcn to forty-five minutes, according to the battery 
power used). Even with the strongest currents used, repre- 
senting about 0.135 C.G.S. current-unit, the amount of‘ sub- 
stances formed capable of liberating iodine from potassium 
iodide corresponded to no more than *001 to -002 gramme of 
iodine per 500 cub. centinis. of gas produced, representing a 
cliininution in tlie voluine of gas evolved practically quite in- 
nppreci:tble. The gas-measuring apparatus in our possession 
being illcapable of measuring so large n quantity as 500 cub. 
centinis., we ciiiployed the method used by Joule for deter- 
niining the ~ o l u m e  of gas produced, viz. collection over water 
in n bottle, the weight of which was known when filled with 
water aiid closed by a stopper. To determine the gas collected, 
the bottle was ininiersed for some minutes in a large bucket 
of water, the t8ciiipernture of which \T”S known; when the gas 
had attained the teiiiperature of tlie water, the bottle was 
raised until the level of the fluid inside and out was the 
same (i. e .  until the pressure was atmospheric) ; the stopper 
was then inserted avd the bottle removed, wiped dry, and 
weighed. In this way a close approximation to the quantity 
of gas produced was obtained, the error being one of defect, 
owiiig to the sources above mentioned and the absorption 
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of oxygen by the water during the process of collection. ' From 
the number of cub. centiiiis. of niised gases thug obtained 
(reduced to dryness, Oo C., and 760 iiiillims.)=v, the weight of 
water decomposed, 20, was calculated by the formula 
the coefficient 0*0003363 being deduced from Regnault's ob- 
servations that 1 litre of dry hydrogen and oxygen at 0' and 
760 millims. weigh respectively 0,089578 and 1.429802 
gramme, 
whence 2 grammes of hydrogen occupy 22.327 litres, 
so that 17a96graiiinies of detonating gas occupy 33.489 ,, 
w = U  x 0*0005363, 
and 159G ), osygeii 7)  11.162 ,, 
-- 
or 1 cub. centiiii. of detoiidiiig g.as weighs 
gramme. 
= 0.0005363 33489 - 
40. The calorimeter einployed in these experiments con- 
sisted of a glass beaker capable of holding about 1500 cub. 
centims., fitted closely inside a polished tin cylinder supported 
(on a wooden block and several folds of wadding) concentri- 
cally inside a similar tin cylinder, so that about an inch of air- 
space everywhere intervened between the two tin surfaces, the 
two tin cylinders being kept in the same relative positions by 
cork wedges. This outer cylinder was weighted with lead and 
sunk inside a third similar larger cylinder filled with water; so 
that the calorinieter itself was surrouiided on all sides, saving the 
top, by a water jacket. Polished tiii lids for the calorimeter and 
the outermost vessel were provided, perforated with holes for 
the passage of the voltameter (in the axis of the cylinders), 
of the thermometers employed, and of the stirrers ; these latter 
consisted of annular horizontal metallic plates, with stout, 
vertical wires attached, so that by iiioving them up and down 
a very effective agitation could be accomplished. The ther- 
moiiie ters were graduated in millinictres, and wore carefully 
calibrated and checked against one another and against a 
Kew-standardized thermometer. The one used for the inner 
vessel was found to be sensibly uiiiforiii in calibre at the part 
where the observations were made (chiefly that corresponding 
to 12'-20' C.); and at  this part the value of 1 O C .  was 11-28 
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millims. Several careful determinations of the water-equiva- 
lent of the calorimeter (including the stirrer, thermometer- 
bulb, and voltameter, which always contained 20 grammes of 
acidulated water containing 22 per cent. of H2S04,) g a ~ o  
ngmbers varying from 1092 to 1097, and averaging 1004*5 
grammes when 1000 grammes of water (weighed in a vacuum) 
were placed therein. 
41. In order to obtain with as great a degree of accuracy 
as possible the corrections for radiation with this instrument, 
n large number of observations were made of the rate of al- 
teration of the reading of the calorjmeter-thermometer under 
various conditions, viz. when the water jacket was hotter or 
colder than the calorimeter, and when the calorimeter was 
ivarnier or colder than a thermometer-bulb placed a few inches 
above the outer lid, so as to indicate the temperature of the 
air together with the effect produced by radiation from the 
hand during stirring. It was found that all the observations 
could be expressed with a fair degree of accuracy by the for- 
mula 
where LZ is the alterntioii of the calorimeter-temperature (loss 
of heat) in millimetres per hour, M the diff'erence between the 
werago readings of the Calorimeter and water-jacket t'herxno- 
meters during the period of observation, m a small correction 
(derived froin a specially constructed table) to reduce the scale- 
reading of the second of these thermometers to that of the 
first, and N the difference between the average temperature 
of the calorimeter and that of the air, as indicated by tho 
third outer thermometer and expressed in terms of the scale 
of the calorimeter-thermometer. Thus, for example, the fol- 
lowing table illustrates the observed and calculated Tralues of 
RI.  It is noticeable, en passant, that whilst the heating or 
cooling effect of the air on the calorimeter exerted through 
the double lid is, for equal differences of temperature, much 
less than that of the water jacket), it is still not negligible, 
umounting to about + of that of the jacket. 
LC= 0.1G (M -m) + 0*0225N, 
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Obs. -- 
+w 
-0.2' 
-0.7 
-1.0 - 1.5 
-1.4 
-1*o 
Water jacket 
warmer than 
'oom. Calori 
meter colder 
than jacket 
and warmer 
than room. 
Culc. 
-0.2 
-0.6 
-1.0 
-1.3 
-1.2 
-1.1 
+0.1 
- 
Obs. 
- 4.8 - 4.0 - 3.6 
-32  - 34 
-1.5 - 0.9 
-0,l + 0.9 + 1.2 
+ I 5  + 1.8 
-- 
- 
-38  
-3.6 
- 
Calc. 
- 4.9 
-4.1 - 3% 
-2.7 
-2.0 
-1.3 - 0.7 
0 
+0*7 
C1.3 
+1B 
+2.1 
-
- 
-3.9 
-3.5 
~~ ~ 
Water j acket 
colder than 
rooiu. Calori 
meter slightlj 
warmer thaii 
jacket and 
colder than 
room. 
Water jacket 
colder than 
'OOIU. Calori. 
meter warmer 
than jacket 
and slightly 
co1de.r than 
room. 
Obs. 
+ 2.3 
+1*9 
+1.2 
+1.0 + 0.8 
+0.3 + 0.2 
-- 
- 
- 
Calc. 
+ 2.3 
+1*9 + 1.4 + 1.3 + 0.8 
+0.3 
0 
--- 
- 
4'2. It is evident froin thesc numbers that the difference 
between the observed and calculated rates of alteration per 
hour rarely esceeds 0.2 millimetre, and averages much less ; 
so that the difference between the results deduced by the for- 
mula and those attained by direct observation is practically 
negligible for all experiments lasting for only half an hour or 
less. In  order, however, to diminish any error in the radin- 
tion-correction wused by the use of the formula, a threefold 
detsrniinatioii was iiinde, as follows, the average of the three 
observations being taken. First, the correction was esti- 
iiiated froin the observed average values of M and N through- 
out the oxperiinent. secondly, the rat8 of alteration of tcm- 
perature of the caloriiiieter (rising) before the esperiinent was 
commenced was determined by observations made for 30-60 
minutes before commencing; and, similarly, the rate of altera- 
tion (falling) was de ternlined by obscrvations made for 39-60 
minutes after concludiiig, and the mean of the two rates 
taken. Thirdly, the rate of alteration at  the com~iienceii~ei~t 
of the esperiment was calculated from the values of M and N 
then observed; and similarly the rate of alteration at the close 
was calculated froin the then vduos of M and N, and the mean 
taken as before, The three values rarely differed from their 
R 
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mean by so much as 0.1 millimetre per hour. Thus the fol- 
lowing d u e s  were obtained in an experiment lasting eighteen 
minutes, the + value meaning loss of heat, and the - sign 
gain*. 
Nillims. per hour. 
*- 1.00 
. . . . . . . .  1Value of ,r obtained by first method (fonnula. applied to mean values of M and N) 
Value of &-c obtained by second method. 
Observed rate of alteration be- 3 
Mean =-1.05 fore esperiiiieiit coinmeiiced - 4.1 Observed rate of alteration 
after experiment concluded 
Value of .T obtained by third method. 
Calculated rate of alteration at 
Ditto at close . . . . . .  +lo95 
+ 2-0 J 
c~miiiencement . . . .  -4-0 Mean =-1*02 
Average - 1-02 
18 
1 
Hence the radiation-correction for the eighteen minutes 
during which the experiment lasted is 
43. The ahove correction, however, is not the only one to 
be applied ; for the water in the voltameter gets heated more 
quickly than the calorimeter, and after the end of the experi- 
ment some time is required for the heat retained in the volta- 
meter to become uniformly, diffused throughout the cnlori- 
ineter by passage through the glass wall of the volhineter. 
It was found that 6 or 7 niinutes sufficed to bring about 
perfect equalization of temperature; so that during the fimt 
5 minutes or so the temperature of the calorimeter slightly 
rose, and then began to fall again from the cooling effect of the 
radiation. Accordingly, to determine the true aniouiit of rise 
in temperature during the experiment, the thermometer was 
read 8, 10, and 12 iiiiiiutes after the conclusion-the loss by 
radiation during these several periods of 8, 10, and 1 2  minutes 
* Tllis particular experiment is selected as an illustiaation because the 
t e ~ ~ ~ ~ e r ~ t u r e - c o r r ~ c t i o n s  deta led in this and the subsequent pmagrapphs are 
Znryer than those in almost any other of the 18 experimeuts made in all 
x 1.02= -0.31. 
(§  46). 
CHEMICAL AFFINITY IN TERMS OF ELECTROMOTIVE FORCE. 253 
being added on to the observed temperature a t  the ends of 
these periods severally; the mean of the three numbers thus 
obtained was taken as the true temperature that would have 
been observed at the end of the experiment had the heat re- 
tained in the voltameter been diffused throughout the calo- 
rimeter at  that moment. The loss during these three periods 
is calculated from the data in the latter two methods jus t  
described for the determination of the radiation-correction 
during the esperiinent : thus, in the illustration given, 
Millims. 
per hour. 
Observed rate of alteration after experiment concluded + 2.0 
9 7  9 ,  + 1.95 
Mean + 1 9 7  
Hence the losses by radiation during 8, 10, and 12 minutes 
are respectively, +0.26, +0*33, mid +0*30; and the true 
rise in temperature of the calorimeter is found thus :- 
Calculated ,7 
t=S. t=10. t=12. 
moineter t minutes after 201.05 f101*0 200'0 
] +0*26 +On33 +0°39 
Rending of calorimeter-ther- 
conclusion of experiinent 
Radiation-loss during t mi- 
nutes . . . . . . . 
calorimeter at close of 201.31 201.33 201.29 
Calculated temperature of 
experiment . . . . . 
-- -
Average . . , . . , . . . 201.31 milliins. 
Reading of cdoriineter-thennoineter at } 166.7 
9 )  coniinenceinent of csperiment . . . 
Cillcultlted rise of thermometer . . . . 34.61 ,, 
Correction for radiation during experiment - 0.31 ,, 
Corrected rise of thermometer e . . . 34.30 ,, 
Since tlic water-equivalent of tho calorinieter &c. is 1094.5, 
and 11.28 millinis. of the thennometer-scale represent 1' C., 
the ninount of heat actually produced is 
x 1094.5 E 3328 gramme-degrees. 34-30 I T S  
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44. Two other small corrections also have to be applied to 
the heat-evolution thus determined. I n  the first place, the 
escaping gases pass out saturated with moisture, the evapo- 
ration of which absorbs a certain amount of heat. I n  each 
experiment the average temperature was close to 1 5 O ,  a t  which 
temperature the tension of aqueous vapour is 1-27 centim. or 
1.27 - atmosphere, =la67 per cent. Hence every 1000 cub. 76 
centims. of evolved gas would contain 16.7 cub. centims. of 
water-vapour (at 0" and 760), weighing 0*0134 gramme; the 
latent heat of water-vapour at 15' being nearly 600, this 
would represent very nearly 8 grammedegrees per litre of 
evolved' gases. Inasmuch as the gases were evolved not from 
pure water but from water containing 22 per cent. of sul- 
phuric acid, it is likely that the gases actually evolved con- 
tained slightly less moisture than the normal saturating 
amount; but as in most of t'he experiments only about 500 
to 550 cub. centims. of gases were evolved, the total correc- 
tion is only about 4 gramme-degrees, and a trifling error in 
its estimation is iiegligiblo. 
I n  the next place a minute amount of heat is absorbed in 
separating from sulphuric acid the water electrolyzed. From 
the experiments of Favre and Quaillard (Comptes Bendus, 1. 
p. 1150), 98 grammes of sulphuric acid already mixed with 216 
of water (forming a dilute acid of coniposition H2S04+ 12H20) 
evolve 483 gramme-degrees when 72 grammes more of water 
are added (forming H2S04 + lGH,O). The further addition of 
72 grammes inore of water evolves 222 gramme-degrees, whilst 
the addition of a third 78 grammes (forming H2S04 + 24H20) 
evolves 141 gramme-degrees. From these numbers, by in- 
terpolation, it results that acid of strength H2S04 + 20H2O 
(containing 22 per cent. of H2S04) will evolve close upon 
2.5 gramme-degrees when 1 gramme of water is added to such 
a quantity of acid 8s not sensibly to  alter its composition by 
dilution ; i. e.  that for every gramme of water decomposed Ly 
electrolysis 2.5 gramme-degrees are absorbed. 
I n  the experiment the calorimetric details of which have 
just been given, the corrected heat-evolution finally becomes 
as follows :- 
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gramme-degrees. 
Heat-evolution calculated from rise of ther- ] 3328 
mometer corrected for radiation &c. . . 
Correction for heat absorbed by moisture in 
0.4967 gramme of mixed oxygen and hy- 
drogen evolved during experiment . . . 
Correction for heat absorbed in separating 
0.4967 gramme of mater from dilute a d -  
phuric acid . . . . . . . . . . 
9.2 
3338.4 
45. The value of E, the average difference of potential be- 
tween the voltameter plates, was found thus. Before the experi- 
ment commenced the scale of the electrometer was standardized 
by means of a Clarke cell, several readings being taken by re- 
versal so as to obtain total readings each equal to double the 
deflection ; after the experiment was concluded the scale mas 
again similarly standardized. The difference between the two 
standardizings was always very small or nil, but frequently was 
just perceptible; owing to leakage of electrometer charge ; 
the mean of the two standardiziags was taken to represent a 
potential difference of 
1.457 { l - ( t - l 5 ) . ~  0°0006{ volt, 
where t is the Centigrade temperature, and 0.0006 the altera- 
tion in E.M.F. per 1' C. (equal to 0.06 per cent. per loj .  As 
in the whole series of experiments taken together the average 
temperature of the cell was very close to 15O, the cell was 
assumed to have the constant average value 1.457 volt 
throughout. Throughout the experiment the potential diffe- 
rence between the electrodes was determined at as nearly as 
possible equal intervals of time by reversal, the quadrants 
being connected with the mercury-cups of the voltameter 
through the reversing-gear. As a general rule, the indicated 
potential-difference rose steadily t'hroughout 'the experiment 
to the extent of from 3 to 6 per cent. of its initial value 
(owing to polarization of ' the electrodes); but in some cases 
this effect was just about compensated by a gradual diminu- 
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tion in current-strength, so that the potential difference re- 
mained nearly the same or slightly fell*. I n  the experiment 
the calorimetric details of which have just been given, the 
following values were obtained :- 
Scale- 
divisions. 
Value of Clark cell before experiment . . 80.65 
7 9  ,, after 9 9  . . 80.55 
Mean . . . . . 80.60 
Average of 23  pairs of readings of potential difference be- 
tween voltameter-plates (commencing with 237.5 and slowly 
sinking to 231.0) = 232.40. 
Average potential-difference in volts, 
232*40 x 1*457=4*201. 80.60 
Hence, taking a=8.98, x=0*000105, and J=42 x lo', t,he 
value of e in the expression 
becomes 1.540 x lo8, since E = 4.201 x lo8, A= 3338, and 
n=0*4967. 
46. In  precisely the same way the following nuiribers were 
obtained in seventeen other experiments. 
* The fluctuations in the current and in the poteutirtl difference &et up 
between the electrodes necessarily cause corresponding fluctuations in the 
amount of deconiposition per second and the quantity of heat developed 
per second, and hence are allowed for, and (if not too great in extent) 
prodiice no effect a t  all on the end result. In  just the same way, it is  
immaterial whether the electrodes are perfectly parallel and equal in size, 
whether the current passes more between their edges than between their 
centres, of whclt material they are made, and so on ; for what is actually 
done is to  mensure the diff'erence of potential between the mercury-cups 
at the ends of the thick copper rods connected with the electrodes, and also 
the quantity of electricity passing, and hence the total work done between 
the cups. The resistance of the cups and thick copper rods being inappreci- 
able, dl this work must be done inside the voltameter between the elec- 
trodes, either heat or chemical deconiposition ; the fornier being mea- 
sured directly, the amount of the work representing the latter is known 
by difference. 
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Value of 
f axJ 
Battery-power 
employed. 
Value of 
E- q J .  
n 
4 Daniel1 cells. 
4 $ 9  
1 . 5 3 9 ~  lo8 
1.589 ,, 
1.621 ,) 
1.808 ,, 
1.901 .. 
6 1 9  
8 i t  
8 t t  
8 1, 
10 , I  
10 1, 
12 1, 
12 1, 
12 
12 Dani& and 
6 Groves in 
weak aotion. 
Ditto .............. 
12 Daniells and 
6 Groves in 
full action ...... 
Ditto ............... 
1456 X 108 ’ 
1.476 ,, 
1513 ,, 
1.528 ,, 
1.479 .. 
Time in 
minutea. 
1.875 
2.200 ,, 
2.228 ,, 
2,230 ,, 
2278 ,, 
2.341 ,, 
2.250 ,, 
2.337 ,, 
2.530 ,, 
2.661 ,, 
2.711 ,I 
2912 ,, 
2.981 ,, 
Average . , . 
44 
41 
34 
!24 
23 
22 
16 
15 
14 
14 
13.5 
13 
13 
12 
- 18 
17 
’ 9.25 
8 
1.494 
1.514 ,, 
1.457 ,, 
1.816 ,, 
1.499 ,, 
1.504 , ,, 
1.555 ,, 
1493 
1449 ,, 
1.540 ,: 
1.531 
1481 ,, 
1.521 ,, 
1*5OO3 x 10 
--- 
E. 
Average 
differ en c e 
of 
potential 
between 
electroder 
in volts. 
2995 
3.065 
3.134 
3.336 
3.380 
3.369 
3.714 
3.685 
3-746 
3777 
3.845 
5.805 
3.830 
3.979 
4.201 
4242 
4393 
4442 
n. 
Grammet 
of water 
decom- 
pord.  
- 
-2821 
-2740 
9764 
-2687 
,2695 
-2676 
2785 
*2794 
-2765 
9708 
*28 15 
.2708 
a2729 
-2877 
,4967 
*4934 
a3379 
-2853 
h.  
Heat evolved 
Correctei 
for 
radiation 
only. 
1091 
1094 
1126 
1128 
1280 
1262 
1543 
1567 
1552 
1553 
1659 
1534 
1606 
1833 
3328 
3368 
2479 
2100 
Further 
corrected 
for the 
other two 
c.ources 0: 
heat- 
ibsorption 
( 5  44) 
1096 
1099 
1131 
1227 
1294 
1267 
1548 
1572 
1557 
1558 
1664 
1539 
1611 
1838 , 
3338 
3378 
2484 
2106 
Maximum deviation 
from mean, 
=3*65 per cent. 1.555 -1.5003 1.5003 On side of excess . 
1.5003-11.449 -3.42 - 
I, 1.5003 On side of deficiency 
per cent. ‘‘ Probable error ” of one determination -~0-0202 = f 1.34 
$9 9 )  result . . .  f0-0048=f0.32 
Expm’ments on a possible Source of Error in Joule’s Valuation 
of J made in 1867 (Brit. Assoc. Reports). 
47. The method used by Joule in. these experiments con- 
sisted essentially in the comparison of the resistances of a 
platinum-silver wire (made into a coil and immersed in a calo- 
rimeter) and of copies of the B.A. unit, and then passing a 
current, measured by a tangent-galvanometer, through the 
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coil and determining the amount of heat produced therein 
in  a given time. The mean temperature of the calorimeter 
throughout a series of observations being determined, the re- 
sistance which the wire would possess at that temperature was 
calculated from the observed resistance at some other tempe- 
rature, the rate of variation in resistance of the wire with tem- 
perature used being known. Calling this calculated resist- 
ance R, the average current being C, and tho time t seconds, 
the value of J was deduced by the formula J =- where H 
is the heat evolved. 
It is evident that nng error in the valuation of R must 
produce an error to exactly the same extent in the value of J 
thus deduced; and that such n source of error must have 
existed is evident from the circumstance that inasmuch as 
heat was continuonsly developed in the interior of the wire, 
and as an interval of time must necessarily elapse before heat 
could pass from the interior of the wire into the water by 
conduction, the temperature of the interior of the wire, and 
consequently the mean temperature of the wire as a whole, 
must have been somewhat higher than the mean temperature 
of the calorimeter. Apart from this, too, the wire must have 
been heated to a small estent above the whole mass of water 
in the Calorimeter, owing to the adhesion to the wire of rz film 
of wnriiied water which could not possibly be displaced by 
stirring absolutelypwi passu with its becoming warmed. The 
very efficient automatic continuous stirring-arrangement 
adopted by Joule in the third series of investigations detailed 
in the paper referred’ to must necessarily have reduced this 
sourco of superheating of t.hc wire to a minimum ; but it is 
doubtful if it would wholly remove the additional tendency to 
superheating froin this cause. 
48. I n  order to form some idea of the possible extent to 
which the wire might thus become superheated by currents of 
the magnitude used by Joule*, a platinum wire about 50 
* In Joule’a experiments the galvanometer made one turn only of 
0.62723 foot radius, the angules deflection varying from 26O to 320; hence 
and the currents must have lain between 
0.62723 x 3048, I , tan 3w w ere 30.48 is tbe number of centims. in 8 
C2Rt 
0.62723 x 30.48 , I .  tan 
2s 
2r 
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centims. long and 1-15 B.A. unit resistance was twisted into 
a spiral, the ends of which were soldered to thick copper rods 
surmounted with mercury-cups and passing through an india- 
rubber cork to keep them together : this spiral was immersed 
in a beaker containing about a litre of distilled water, the tem- 
perature of which was read off to  O o * l  degree by a thenno- 
meter placed with its bulb almost touching the centre of the 
spiral ; by means of a broad horizontal ring of metal attached 
to  a stout wire the water could be briskly agitated, to a much 
greater extent indeed than would be safe with a calorimeter in 
which splashing must be avoided. Currents of different 
strengths were then passed through the coil for periods of time 
varying from 20 minutes to an hour, a voltameter being also 
included in the circuit, and the total gas evolved collected as 
previously described. During this time the water was kept 
continually stirred, and its temperature observed at  equal inter- 
vals of time, whilst the difference of potential existing between 
the ends of the wire was observed as frequently as possible by 
connecting the mercury-cups with I quadrant-electrometer 
standardized by a Clark cell before and after the experiment, 
precisely as above described. During the first two or three 
minutes the electrometer-readings always diminished through 
diminution of current by polarization of the voltameter-plates; 
afterwards they remained nearly constant, gradually rising 
through the increasing mean temperature of the wire, or 
slightly sinking if the currentlstrength diminished through 
continued use of the battery. During the first few minutes 
the readings were accordingly taken every 10 or 15 seconds 
without reversal, so as to obtain LL large nuniber of observa- 
tions giving the mean potential difference during this period ; 
subsequently the readings were taken by reversal at the rate 
of one pair per minute, the readings being divided into a 
number of groups corresponding to equal intervals of time 
(3 or 5 minutes), the average readings for each interval being 
again averaged to give the mean reading for the whole period ; 
foot esd I the horizontal terrestrial magnetic force. Taking I=O*18, the 
currents must therefore have averwed about 03 C.G.S. unit. The resist- 
ance of the platinum-eilver wire used was nearly equal to 1 B A  unit = 100 
C.G.S. units. 
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9.5 
...... 
9.2 
so that for an hour's observation more than 120 total readings 
were t, 'i 1- %en. 
49. In this way the following nunibers were obtained, the 
amounts of gas collected being translated into C.G.S. current- 
units by the formula 
8.36 
8.80 
8.50 
-- 
- 
-- ~0.09479, V x 0.0005363 - 
T x 60 x 8.98 x 0.000105 T C =  
. . . . . . .  
10.1 
10% 
...... 
where C is the C.G.S. current., V the yolume of gas (dry, a t  
0' and 760 millinis.), T the time in minutes, and 0.0003363 
the weight in grammes of ,z cubic centim. of mixed gases a t  0' 
and 760 (5 39); i. e. where - is the volume of gas evolved 
per minute. The resistance of the wire is calculated from 
V 
T 
- 
8.87 
8.64 
9.18 
8.91 
- 
E C =  a, whence R =  E) by dividing the average C 
potential difference by the current. Every experiment was 
made as nearly as possible in  the same way, so as to  diminish 
sources of error and make the results compamble, the only 
noteworthy difference being that with the stronger currents 
shorter times were given, and the beaker of water in which the 
wire was ininiersed was slightly cooled at intervals during the 
experiment to avoid the temperature rising too high and having 
too wide a, range. 
No. of 
cells in 
battery. 
3 
3 
4 
6 
9 
0 
12 
13 
- 
Time in 
minutes. 
Go 
60 
30 
30 
30 
20 
20 
20 
- 
haevolvel 
in cub. 
cent., dry 
at Oo and 
760 mm. 
256.6 
234.5 
Averagt 
244.3 
461.7 
777.9 
493.4 
Averagc 
624.7 
638.6 
Averagi 
Average 
G.C.S. 
current. 
0-0406 
0.0371 
0.03885 
0,0772 
0.1459 
0,2458 
02339 
0.2398 
02961 
0.3027 
-- 
0,2894 
Temperature of water. 
Initial. 
8.5 
7'5 
...... 
7.9 
74 
7.2 
7 *4 
...... 
7.1 
7.6 
...... 
Final. I Average. 
I 
9.0 1 8.20 
11*0 9.7 I 8.58 
Average 
otential- B i5erence 
in C.G.S. 
unita. 
0.4655 x 108 
04275 ,) 
......... 
0,8931 ,, 
1.697 ,, 
2.881 ,, 
2.732 ,) 
......... 
3469 ), 
3.849 ,, 
......... 
I 
Resintance 1 
in C.G.S. 
units. I 
1.147 X 1 C  
1.152 ,, 
1-1495 ,, 
1.157 
1,163 ), 
1.171 ,) 
1.168 $1 
1,1695 ,, 
1.172 ,, 
1.178 ,, 
1.172 ,, 
-- 
- 
-- 
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Since the average temperature of the water surrounding the 
wire was nearly the same throughout, not differing by more 
than :L few tenths of n degree from the mean 8O.75, the values 
in the last colunin are fairly comparablc with one another ; 
whence i t  is evident that R notable rise in resistancc of the 
wire is produced by each successive increase in current- 
strength. The resistancc of the wire for a current of very 
small value would clearly lie under 1.1495 x lo9; so that the 
increase in resistance caused by currents of from 0.24 to 0.30 
1.1G95--1.1495 1.172-1.1495 to  ) or 1.1495 1.14'35 C.G.S. unit is at Zenst 1.7 to 2.0 per cent. 
50. In  order to see what increase in mean temperature of 
the wire or-er that of the surrounding water this would re- 
present, the fourth experiment mas repentcd, using warm water 
(at about 27') to surround the coil: in this way the following 
numbers were obtained :- 
C.Q.S. Average Potential- 
current. temperature. difference. Resistance. 
Water warmed . 0.1419 27.25 1.716 x lo8 1-209 x lo9 
), cold . . 0.1459 8-20 1.697 x lo8 1 . 1 6 3 ~  log 
Since an increase in resistance of 0.046 corresponds to 19.05 
degrees, an increase of 0.0200 to 0.0225 would correspond to 8.3 
to 9.3 degrees ; i. e. currents of 0.24 to 0.30 C.G.S. unit caused 
a superheating of the wire above the temperature of the sur- 
rounding mater to  an extent averaging 8O.3 to 9 O . 3 " .  If it 
be admitted that in Joule's experinieiits a similar superheating 
to  the extent of 8' to 9' may have taken place, the effect on 
the calculated resistance of the platinum-silver used would be 
to cause the amount to be underestimated by about 8 x 0.031 
=0*25 per cent. to  9 x 0*031=0.28 per cent., 0.031 being the 
percentage increase in resistance per degree of the alloy used 
by Joule (this alloy was purposely not used .by the authors, 
* This increase in resistance with teiiiperature amounts to about 0-21 
per cent, per lo C .  Matthiessen found the average increase of pure metals 
to  be about 0-37 per cent. per 1' C., that of nn alloy of platinum and iri- 
dium containing 33 per cent. of the latter being only 0.06 per cent. per lo; 
probably, therefore, this platinum wire was somewhat impure, very likely 
containing iridium. 
Difference . 19.05 0.046 x 109 
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Average Average 
temperature. current. 
7.75 0 03155 
7.25 0.1350 
8.30 0.2285 
7.70 0.2880 
iii order to make the alteration in resistance, if any, more per- 
ceptible); that is, the value of J ultimately deduced would be 
about 0.25 to 0.28 per cent. too low. 
51. In order to see whether an increased amount of super- 
heating would be produced by oidy stirring the water sur- 
rounding the wire at  intervals of one or two minutes instead 
of continuously, some of the above observations were repeated 
under these conditioiis with the following results, clearly show- 
ing that whilst no very material influence is exerted by dis- 
continuous stirring with weak currents, the effect is marked 
with currents of 0.23 to  0.29 C.G.S. unit. 
Resistance 
Potentinl- 
difference, in a t  arerage 
experiment. -------------- 
0.3628 1 .150~109  j 1.152~109 
2.717 1.189 ,) ~ 1.190 ,) 
1.562 1.157 ,, 1 1.160 ,, 
344  1 1.105 ,, 1 1.197 ,, 
Cells i n  
battery. 
3 
6 
9 
13 
52. I n  order to see whether any analogous effect would be 
produced by varnishing the wire, as was done in Joule’s ex- 
periments (owing to possible diminution in rate of passage of 
heat from wire to water through diminished conducting-power 
of the varnish), R thin coat of clear filtered shell-lac varnish was 
lightly applied to the wire ; and after two days drying, some 
of the observations were repeated, with the result of show- 
ing t,hat whilst the effect of the varnishing was inappreci- 
able with a weak current, it became noticeable with currents 
of 0.14 to 0.24 C.G.S. unit. To make sure that the resist- 
ance of the wire itself had not been altered permanently by 
strain &c. during varnishing, the varnish was dissolved off by 
immersion in alcohol, after which the resistance-value again 
diminished to its former amount. Thus the following numbers 
wero obt,ained :- 
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;iftor varnishing . , . . . , . . , 
Defore ,, (suprh) 
ifter varnishing . . . ... .., 
Before ,, . . . . . . a . .  
~ After varnishing , .... , , ., 
Before ,, .,... ..., 
After varnish again 
dissolved off ... ... } * '  
hrrent. 
-- 
0.0808 
0.0772 
01426 
0.1459 
0.2273 
02398 
0,2426 
Cells 
used. 
Mean I Potential- 
;emperatwe. difference. 
---_I-- 
0.9347 x 106 
8.50 0.8931 ,, 
Increase in' resistance . . 
1673 ,, 
8.20 1.6'37 ,, 
8.93 2.676 ,, 
8.87 1 2.806 ,, 
Increase in resistance . . 
8.79 1 2.835 ,, 
I 
~~ 
Resistance 
1.157 x 10s 
1.167 ,, -
Nil. 
1.174 ,, 
1.163 ,, 
0.011 ,, 
1.178 , 
1.169 ,, 
0.009 ,, 
1.168 ,, 
Apparently, therefore, with the stronger currents the varnish 
produced an increase in resistance about equal to that due to 
an increase in temperature of from 4' to 5 O ;  so that if the 
varnish in Joule's experiments produced n similar effect, the 
total superheating must have beon near 1 2 O  to 1 4 O ,  represent+ 
ing 0.37 to 0.43 per cent. of error in deficiency in the estiina- 
tion of R, and consequently of J. 
53. Yet another source of error, and in the same direction, 
in these experiments of Joule's lies in the fact that, in compa- 
ring the resistances of the B.A. unit and the experimental 
mire employed, the method adopted consisted in determining 
the angular deflections U, P, and y produced in a tangent-gnl- 
vanometer on passing the current from a given electromotor 
(1) through the galvanometer only, (2) through the galvano- 
meter and B.A.-unit coil, and (3) through the galvanometer 
and experimental wire-the resistance of the experimental 
wire being called x, and that of the unit coil = 1, 
(tanu-tmy)taiiB 
(tan OL - tan p )  tan y' 
Now, were the currents used so feeble that no appreciable 
amount of heat was developed by them in either wire, or were 
the two wires compared similarly sized and situated so as to 
be heated to equal extents, the value of x thu's deduced would 
be subject to no other errors than, the instrumental and obser- 
X= 
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vational ones ; but as the B.A.-unit-coil wires are imbedded 
in solid paraflin whilst the esperimental wire was immersed 
naked in water (save for the film of varnish), it is evident that, 
i f  any heat at all had been generated by the currents employed, 
the B.A.-unit coil must have been more heated than the expe- 
rimental wire, as the heat developed could not pass away 
wadily through the badly conducting solid paraffin. The cur- 
rents actually employed were sufficient to cause deflections of 
3G0 to 37' with a galvanoineter of nine turns and 17 inches 
diameter, and of 34' to 50' with a galvanometer of eighteen 
turns mid 1 7  inches dimneter; so that the currents were of 
magnitude equal to  from 
1 7  x 2-54 Ihn37 
47rx9 
l7 
47rx 18 
2.54 . I tan 34 to 
(where I is the horizontal mametic terrestrial force =0018, 
ant1 2.54 is the number of centiins. in an inch), or averaged 
about 0.04 C.G.S. unit, I n  a wire of 1 B.A. unit resistance 
a. 
n current of this magnitude would produce per minute 
0'04 o'04 - Go= 2.3 gramme-degrees, which, assuming 
42 x lo6 
the wire to weigh 10 grammes and to have the specific heat 
0.01: (approsimately that of an alloy of one part silver to  
10 x 0-04' Or two of platinum), would raise its temperature iiearly 6" per minute. 
I t  would therefore seem from this rough estimate that the 
heat-development produced in the B.A.-unit coil by the cur- 
rents usecl may have been sufficient to raise its temperature 
perceptibly nbovc that attributed to it ; while the same result 
would not be produced to  any thing like the same extent with 
the esperiiiiental wire, owing to the latter being immersed in 
water instead of solid paraffin. If it be assuined that this heat- 
developmentj sufficed to raise the average temperature of the 
B.A.-unit coil during the observations 5' above that of the 
espcrimental wire (an amount of heating not at  all unlikely 
t o  have occurred), the ultimate effect of this would be to 
cause the underestimation of R, and consequently of J, by 
5 x 0.031 =0.15 per cent. 
54. Hence, finally, putting together this source of error and 
tliat due to the superheating of the wire (increased by varnish- 
2.3 
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ing), there is reason for supposing that the value of J obtained 
by Joule in 1867 by the electric-current method may be at  
least 0.5 per cent. too small ; that is, instead of giving a value 
1.31 per cent. larger than that, deduced from Joule's water- 
friction experiments of 1850 and 1878 (Part I. $ 34), the 
corrected value wonld probably be a t  least 1.8 per cent. larger 
than the water-friction value. 
The practical conclusion to be drawn from these experi- 
ments, then,is that,in any determination in which i t  is necessary 
to pass a current through a wire for any length of time, an 
appreciable error, through increase in the resistance of the 
wire, will be brought about by its becoming superheated above 
the temperature of the medium in which it is placed when tho 
current exceeds a certain limit, the exact value of which ne- 
cessarily depends on the conditions. This source of error will 
affect determinations of E.M.P. made by such inethods as those 
used by Latimer Clark in the valuation of his standard cell 
(Proc. Roy. Soc. xx. p. 444), and will similarly affect any 
experiments on the determinatioii of J by methods basccl on 
the same principles as those involved in Joule's 1867 obserra- 
tions, unless the mode of experimenting be modified in Fucli n 
way as to eliminate this source of error, or at least to render it 
nediaible. We propQse to examine certain sucli inotlifications 
wliich have occurred to us as being liliely to reduce this source 
of error to an incoiisiderable amount. 
9 -  
XXX. Determination of the Acceleration of Gvavtty fo?* Tokio, 
AS no experinienbs had, as far as we were aware, bccn made 
to determine the value of 9 in Japan, it appeared to us desi- 
rable that the value should be accurately measured, at a1i-v 
rate for our own college in the capital, Tokio. Consequently 
in 1877 an elaborate series of experinlents was carried oiit by 
some of the students under our supervision. The method first 
employed consisted in esyerimeiitally finding two parallel axes 
in a pendulum on opposite sides of the centre of grayity, and 
in a plane with it, suoh that the times of oscillation about 
either axis would be the same. The distance, then, between 
Japan. By W. E. AYRTON and JOHN PERRY. 
